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ABTRACT

A synergistic interaction between creep and fatigue in structural

materials at high temperature has previously been shown to exist. More

recently, the importance of environmental effects on fatigue has been

shown to frequently overshadow the creep-fatigue interaction. As both

creep and environmental effects are temperature and time dependent, the

role of each is often difficult to separate. The topic of this thesis

is the design and validation of an apparatus to study the interactions

of environment and creep with fatigue damage at high temperature.

The alloy 4 Cr - I Mo steel was selected for testing to validate

the system as considerable creep-fatigue data exist on this alloy. Strain

controlled fully reversed testing was conducted at temperatures of 43200

(9000F) and 5380C (10000F). The results of the testing at 1% total

strain range agreed with published data from the same heat of material.

Differences in results at 0.5% total strain range were, however, found

to exist. The differences are believed to be due to different specimen

geometries used by other studies. This research used uniform gage length

instead of the standard hourglass specimens used by others. The uniform

gage length samples have a lower fatigue life at the lower strain range

than published data. The results from uniform gage length samples are

believed to be a better representation of a materials bulk fatigue

behavior.
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I. INTRODUCTION

.Anealled 2j Or - I Mo .teel is a ferritic low-alloy steel that has

been used extensively for elevated-temperature applications in the power

generation industry. Recently, the alloy has been selected as the

structural material for steam generators in the Liquid Metal Fast Breeder

Reactor (LMFBR). Because the ASME Pressure Vessel Code requires ac-

curate predictions be made for high temperature fatigue life of materials

used in nuclear applications, a series of creep and high temperature

fatigue tests have been run on this alloy.

This thesis research is concerned with the design and validation of

a system which permits testing of this alloy at high temperatures under

creep, fatigue, and creep-fatigue loading conditions in a controlled

gaseous environment.

The balance of this paper wll. present the background of the effects

of oxidation on elevated temperature fatigue, a discussion of the ap-

paratus and procedures, a discussion of the results obtained, and con-

clusions and recommendations. Appendix A provides a detailed checklist

for performing the elevated temperature fatigue tests, that was

developed during the course of this research.

7
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II. aACKGROTID

Components in power generating plants must withstand local cyclic

strains beyond yield. For example, high temperature components are sub-

jected to considerable temperature change and resulting thermal gradients

each time the plant is started up, shutdown or experiences load changes.

These thermal changes subject the components to thermal stress-strain

cycles which may involve plastic flow. In any particular cycle, a

component may be caused to locally yield in both tension and compression

and the material may be held for a considerable time in a strained

state at elevated temperature resulting in creep deformation inter-

spersed with fatigue loading.

Numerous investigations have been conducted on high temperature

fatigue, creep and creep fatigue interaction. During the last few years,

it has become a highly debated question as to what extent the environ-

ment affects cyclic life at elevated temperature as compared to the role

of creep damage. It is well established that both creep and oxidation

are time dependent processes and it is indeed a difficult problem to

distinguish the effect of creep from that of oxidation.

Several studies have been carried out in which the testing was con-

ducted in vacuum and inert gases, however, no atmosphere can be considered

totally inert. Inert gases will not readily absorb on or dissolve in

metals [Ref. 1], however, impurities in the inert gases can dissolve

and absorb. Maintaining total impurity levels below about 0.2 ppm is
very difficult. Unfortunately, accurate reportng of impurity level

terydi" cult
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present during testing does not often accompany results of tests con-

ducted in vacuum and inert gases [Ref. 2].

"Two important parameters controlling rate of oxidation are oxygen

availability and solid-state diffusion rates. The effect of the former

is summarized by:

Oxidation rate o< (P02)l/n

where n is between 2 and 3 depending on the details of the reaction

[Ref. 31. The second arises when the reaction, occurring at the oxide/

metal interface, is controlled by diffusion of oxygen through the oxide,

producing a stress at the interface. Alternately when the reaction

occurs at the oxide/gas interface it requires an outward flow of metal

atoms causing vacancy accumulation near or below the oxide/metal iter-

face" [Ref. 21. Thus, the mechanism of oxidation for a given alloy

controls the influence of environment.

Alloying elements may also be lost at the surface through evaporation

[Ref. 4]. It has been argued [Ref. 51 that the oxide free surface of

specimens tested in argon allowed selective evaporation of alloying

elements from steels and nickel based alloys, which led to a reduction

of creep and fatigue resistance. Additionally, if evaporative l05 is

important, it will be less in an inert gas than in a vacuum because of

the shorted mean-free path of the evaporating species [Refs. 2,6]. This

suggests that the i'nherent fatigue or creep strength is best measured

in an inert environment rather than a high vacuum.

Ericsson in his excellent review [Ref. 71 provided the following

information. The crack growth rate in air is generally an order of

9



magnitude faster than in a vacuum at elevated temperature. This effect

increases with increasing temperature. The tendency for lower frequency

and air environment .o promote intercrystaliine fracture is evident.

3kelton :Ref. 3] found that the fatigue life in vacuum as well as in

sir decreased with decreasing frequency. Similar findings have been

reported by Solomon and Coffin rRefs. 9,lQ7, suggesting that a syner-

gistic interaction between creep and fatigue may exist along with an

environmental effect.

Oxidation has been observed to effect fatigue crack initiation and

propagation. Coffin [Ref. 11] reports that in alloy A-286 tested in

air at 593 OC fatigue cracks nucleated from "active sites" which were

intensely oxided. In addition to the effects on crack initiation,

grain boundary oxidation ahead of a crack has been shown to weaken the

grain boundary and promote intergranular grain boundary crack prope-

gation [Refs. 7, ll, 12, 13).

The use of 2i Cr - 1 Mo steel in power generating systems results

in its exposure to the complex creep fatigue loadinig in varying environ-

ments; e.g.: liquid sodium, air, steam and water. The most recent

analysis of the creep-fatigue environment interaction phenomena in this

alloy attributes the major reduction in elevated temperature fatigue

life to oxidation rather than creep damage CRef. 141. Specifically,

the mechanism was proposed to involve the formation and subsequent

cracking of an oxide that assisted the initiation of a fatigue crack.

Testing in impure helium has been reported to improve the high-cycle

life [Ref. 1-5 and reduce the fatigue crack growth rate for

this alloy [Ref. 16], indicating that oxidation inluences both fatigue-

crack initiation and growth for this alloy.

L v1 ,



Current ASME design methods for t-.yzing the creep fatigue life

ignore any environmental effect and attribute all reductions in fatigue

life to an interaction between creep and fatigue damage. In view of

the preceeding discussions, this is a very dangerous philosophy. Extrap-

olation of laboratory test data to actual service conditions invclves

extrapolations of several orders of magnitude. If the method of extrap-

olation is based on an incorrect physical mechanism, this extrapolation

will be seriously in error.

A separation of the effects of creep and environmental damage on

fatigue is paramount in the development of improved elevated temperature

design methods. This requires the design and construction of ccmplex

and expensive elevated temperature fatigue testing equipment.
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III. IPEIMENTAL

A. APPARATUS

The purpose of this research was to design and set up an apparatus

to study the interactions among fatigue, creep and environment for

2 Cr - I Mo steel. The apparatus consists of:

(1) MTS Closed-loop Electrohydraulic Testing System

a) MTS Model 312.4 Load Frame
b) MTS Model 661.21A-03 Load Cell
c) MTS Model 410.31 Function Generator
d) MTS Model 417.01 Counter Panel
e) MTS Model 42.11 Controller with Modules
f) MTS Model 506.20 Hydraulic Power Supply
g) Tektronixs Oscilloscope
h) Hewlett-Packard 7044 A X-Y Recorder

(2) Heater

a) Cycle-Dyne Model A-30 Induction Heater
b) MTS Model 632. 50B High Temperature Extensometer
c) MTS Model 924.35 Temperature Control Panel
d) Newport Model 268 Digital Pyrometer
e) User designed Induction Coil

(3) MITS Model 651.1XA 2nvironmental Chamber (Modified)

a) Elison Manometer
b) Edwards High Vacuum Pump
c) Linde Helium Gas Cylinder

"2
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To obtain the integrated system described, it was necessary to ex-

tensively modify the Environmental Chamber. To accomplish this required

the introduction of several ports for entry of hydraulic, water, inert

gas, thermocouple, extensometer and induction heater lines. Stainless

steel extensions were machined for the load cell and actuator. Closure

and foam rubber seals were used on the upper and lower inlets and on

the door, respectively. A manometer was attached to measure overpres-

sure and a valve mechanism was installed for sampling and flushing.

Finally, a mount was constructed for the extensometer.

To understand the operation of the entire system, it is necessary

to detail the operation of several of the individual components. The

hydraulic system used to pre-load the specimens (Item 6 Figure 1) and

the spiral washers (Item 17 Figure 1) are required to prevent backlash

in the system as the loading reverses from compression to tension and

vice versa. The hydraulic preload is applied to the specimen buttonhead

by a piston in each grip. The pressure which is to be applied by the

hydraulic pump can be determined from Figure 7.

To prevent backlash in the remainder of the load train, spiral

washers are positioned between each component. By placing a load on

the system greater than the maxium load anticipated, and tightening the

*. spiral washers, backlash is prevented.

*: The water-cooled grips (Item 10 Figure 1) also provide thermal pro-

tection for the actuator and load cells. Tap water is circulated

through the grips and heat is removed from the grips allowing a maximum

grip temperature of slightly greater than room temperature.

20



The gas-cooled extensometer (Item 4 Figure 1) provides direct axial

strain measurement of the gage length. The use of quartz extension rods

minimizes thermal expansion error and conduction losses from the

specimen. The knife edge extension rods allow for use of uniform gage

length specimens. The relative movement of the quartz rods is trans-

mitted to a strain gage bridge to produce a strain reading. The exten-

someter is gas cooled due to the temperature-sensitive nature of the

strain gages.

The induction coil (Item 3 Figure 1) and heater provide a very

convenient meens of achieving high temperatures (1000 0). Furnace and

other types of heating systems restrict the use of gas-cooled extenso-

meters and entail other difficulties associated with heat removal.

The user designed induction coil provides a uniform (±2°C) temperature

profile on the specimen's gage length. The specimen geometry (Figure 8)

and the fact that the thermal grips act as heat sinks, require the input

of energy from the induction coil be concentrated outside the uniform

gage length. It is necessary to position the spot-welded thermocouples

outside the uniform gage length to prevent crack initiation at the site

of the spot-weld. It is, therefore, necessary to determine the temper-

ature profile with five thermocouples when designing and testing a

coil. Three of the thermocouples are placed on uniform gage length and

one each is placed on the blending fillets outside -he gage length.

Temperature readings are recorded and the coil modified to insure a

uniform temperature. As a matter of course, both temperatures from the

thermocouples outside the gage length are monitored during an actual

test. One of these temperatures is a feedback to the temperature

21



controller and the other is recorded. Additionally, the second temper-

ature is used as a crosscheck against the data recorded during induction

coil design.

The specimen geometry in this study is shown in Figure 8. It was

designed to ASTM 3466 standards with the exception that the fillet

radius blending the gage length with the 0.5 inch diameter of the

specimen, is less than eight times the gage diameter. Previous experience

has shown this to be larger than necessary to prevent crack initiation

in the fillet.

3. PROCEDURE

Specimens used in this project were taken from a one-inch diameter

rod of 2 Cr - . Mo steel obtained from Oak Ridge National Laboratory

(ORNL), heat number 56447. Chemical analysis of representative material

appears in Table I.

Table I

IMICAL COMPOSITION OF 2- Cr - 1 Mo STEEL EAT NUMBER 56447

Content, wt%

Mn Si Cr Mo Ni S P

0.098 0.53 0.22 2.20 1.03 0.24 0.005 0.059

The melting practice used to produce -,he material was vacuum-arc

remelt (VAR). The 6.25 inch sections of the rod were isothermally an-

nealled as follows:

Austenitize at 927 ±L1 0 C for one hour, cool to 704 ±14°1J

at a maximum cooling rate of 330C/hour, hold at 704 l40C for two hours,

22
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and cool to room temperature at a rate not to exceed 60 C/minute.

Uniform gage specimens with a .375 inch diameter were machined and

polished to remove all circumferential machining marks. Figure 3 is a

detailed drawing of specimen geometry and machining procedure.

Filly reversed axial push-pull testing was accomplished in a closed-

loop electrohydraulic fatigue test machine under strain control. All

tests were conducted with a strain rate of 4 x l01Sl 1. Heating of the

specimen was obtained by induction with thermocouples spot welded on the

blending fillets of the specimen outside the gage length. Tests were

conducted at 482 and 538 0 C with a maximum temperature variation of t2O C

on the uniform gage length.

An inert environment of helium gas was used in four of the tests.

in those tests, the chamber was flushed with forty cubic feet of helium

and a positive pressure of 5 inches of water (.13 psig) was maintained

in the chamber. The amount of oxygen in the chamber was monitored by

sampling the gas in the chamber and analyzing the contents with the use

of a gas chromatograph. Appendix B contains sample calculations based

on gas chromatograph output.

Prior to testing, specimens were polished along the longitudLinal

axis and cleaned with acetone and then alcohol. After CONSOLE POW'ER is

applied, the MTS losed-loop Electrohydraulic Testing System is programmed.

This programming includes selection of the operatinig ranges for each

control variable, adjustment of desired function and failsafe and error

detect adjustments. The specimen is then installed with the system in

oad control and the extensometer is mounted.

24
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If an inert environment is to be utilized, the environmental chamber

is flushed with the appropriate gas and a positive pressure is maintained

before the induction heater is started and temperature is monitored.

The specimen is heated to temperature under load control and zero load

is maintained. This allows the specimen to expand without constraint.

After the specimen reaches testing temperature, the extensometer output

is zeroed and the controlling variable is changed to strain.

The test is started gradually as shown in Figure 9. This procedure

is used for materials that exhibit cyclic hardening in order to mimimize

the excessive initial plastic strain which would result if the maximum

strain were applied during the first cycle. At this time, the failsafe

system is activated to prevent any additional damage to the specimen

after complete fracture.

During the test, a recording of load and temperature is maintained

continuously and hysteresis loops are recorded periodically. Samples

of the chamber environment are taken with a hypodermic syringe and

analyzed in the gas chromatograph.

-C:
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IV. RESULTS AND DISCUSSION

Fatigue cycling resulted in an initial rapid hardening followed by

a brief (approximately 50-100 cycles) period of cyclic softening. This

was followed by gradual cyclic hardening and finally a gradual softening

to final fracture; as evidenced by changes in load required to maintain

the prescribed total axial strain.

Results of the fatigue tests conducted are reported in Table II.

The results, comparing present testings to similar testings conducted

at OPRTL and General Electric (G.E.), are presented in Figures .O through

13. Both the ORNL and the G.E. tests were also conducted at a strain

rate of 4 x 10-S

The following expected trends were noted:

1 - The number of cycles to failure at a given temperature de-

decreased with increasing strain range.

2 - The number of cycles to failure at a given strain range de-

creased with increasing temperature.

The two valid tests in a helium environment were conducted at a total

strain range of 1.0%. The short duration of the test and the large

strain range minimizes the effects of oxidation on the crack initiation

process and there is no significant difference between air and helium

environments. There were two tests conducted at lower strain ranges

in helium which were considered invalid. The causes which invalidated

the tests were, in one case, the induction heater failed; and the othler

case, buckling of the specimen.

27,
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A comparison of the ORIL hourglass-shaped specimens and the O&NL

uniform gage specimens shows an obvious trend. The ORNL uniform-gage

specimens generally have a lower fatigue life than the ORNL hourglass-

shaped specimens for the lower strain ranges tested and the NPS uni-

form-gage specimen fatigue life is lower than the other two groups.

There may be several causes for this difference. The most likely

cause relates to volume of material tested by each specimen geometry.

Since the uniform gage specimens have a larger volume exposed to maxi-

mum strain than the hourglass specimens, surface flaws, inclusions or

other material defects which influence the fatigue crack initiation have

a greater probability of being present in the gage length of a uniform

gage length specimen. Likewise, the NPS uniform specimens have a

larger volume and surface area exposed to maximum strain than the OCIL

specimens; which accounts for an even greater reduction in fatigue life.

As the number of cycles to failure increases (low strain ranges), the

role of crack initiation increases. Thus, a greater effect of specimen

geometry should occur at low strain ranges. This is exactly what has

been observed. Since these data will be used to design large components,

the fatigue life determined by the larger uniform gage specimen should

be more representative of the actual service behavior of materials.

Samples of the gas from the environmental chamber were taken and

analyzed in a gas chromatograph. The results appear in Table III. It

should be noted that the environmental chamber and the gas chromatograph

.4 are separated by a distance of several hundred meters and the results

may have a significant error due to the type syringe used to sample the

environment. Thi Is illustrated by Test 08 - 3 (Table III). In this
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test, a sample was taken from a cylinder of pure helium and transported

to the gas chromatograph; the oxygen content was determined to be 0.3%.

The 0.3% oxygen content is alarming considering that when a helium

cylinder was sampled such that the transport time to the gas chromato-

graph was only a few seconds, no oxygen was measured. This indicates

that a substantial amount of oxygen found its way into the sampling

syringe after the environmental chamber was sampled. Until an improved

sampling technique is developed, the exact oxygen content of the chamber

will remain unknown.

An additional test was conducted in which a sixty second hold time

was introduced at maximum compressive strain. Figures 14 and 15 show

creep relaxation curves taken during the testing. Al.though data .s not

available for exact comparison, the results are representative of

similar testing conducted on this alloy.

The results obtained iz this research validate the apparatus in that

at 1.0% total strain range they are nearly identical to other tests

that have been conducted by CRNL and G.7. and, at the lower otal strain

ranges, the differences in resul1ts con be explained by specimen geomet-y.

The final validation of the Environmental Chamber awaits the development

of an improved gas sampling technique.
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V . CMCLUIOS ADRECCMMQIDATIC-JIS

A. XNCLUSIQNS

1. The basic conclusion is tWhat the apparatus designed is val.id for

performing high temperature fatigue tests in an iLnert e3nvironment.

2. The test results performed vith the specimen geometry in Fljure

3, give conservative results. This is signifi.cant i tnaaz t.1.ia resul.ts

will be used to establish design information.

3. RECCMEDATIONE

1. Research should be continued with the design apparatus to set>-

arate the effects of creep and environment on elevated temnerat4-re

fatigue.

2. Bellows for the load cell and actuator extensions and an in-dus-

trial seal for the door should be installed to lower the oxygen in --he

-nviron~mental Chamber.

3.Improved gas sampling techniques must be developed in order tzo

accurately measure the oxygen content of the test environment.
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APPENDIX A

Checklist and example settings

The purpose of this appendix is -o provide a detailed checklist for

performing the elevated temperature fatigue tests. The parameters in

the example used consist of the following:

1. The strain rate is 4 x 10- 3 -- 1 .

2. The total strain range is .

3. A _ully-reversed fatigue test is to be conducted havig a

triangular wave form ,ithout hold time.

4. The gage length is one inch and specimen as in Figure 3.

THECK ,RECORD XANUAL
P RO 1 a) T ADJITZT _____

. 0 . . . .NSOLZ * .U T 0JR ON . .. . . . . . . . . . .

Tun CONSOLE PYOWER on. 4-.35 OP,

page Z

PREJIM1TARY ADJTU "MENT . . . . . . . ....

2. If the load cell, Zxtensometer 140.21 OP,
clip-on gage, or LVDT is changed, page 6
ensure that the proper arange card
is installed in the appropriate 440.22 O?,
transducer conditioner. NOTE: page 6
G32. 513 Extensometer

... PRORA IG.



CIECK RECORD MANUAL

PROCEDURE ADJUSTM:1T REFR-ICE

3. Select desired controlled x LOAD 440.31 OP,
variable. Control panel __ STRAflI page 2

interlock must be open __ STROKE
(RESET lit).

4. Select desired LOAD -a% S RAIGE 440.21 OP,
operating range. Full Scale _ 20KIP page 3

x 100 1
go 2
20 3
10 4

S TRAIN

+ F.S. RANGE 440.21 OP,
100 1 page 3

50 2
20 3

x 10 4

STROKE + IWANGE 440.22 OP,

Full Scale= 7 in. page3

x 100 1
50 2
20 3

4

5.1 Adjust Digital CONTROL MODE 410.31 OP
Yunction Generator x REMOTE

LOCAL
SrGINGL CYCLE

OUTPUT

x RAMP
SINE

-IAI: ES QUARE
DIVERT

BREAKPO I

NORMAL

4RE SE

7" ~ ~ i~



01EKRECORD MAITUAL

PR0CZ-UR:E ADJ LET.'QT ET2- C B

LOCAL

NIORMAL
xREVE

1000
P M-CMIT

DUAL SLOPE
HOLD AT BRIPT

7 AMiP TIRmU ZERO
MANUAL BRDPT (OVERRIDE)

.3x 10p-
RATE 1

x 10
RATE 2

5.2 Check correct function
with oscilloscope

-6. Adjust Counter Panel COUNTER fIPU T 417.01 OP

DATA- TRAK
xOSCrLLATOR (410.31)

AUXILLARY

COUNT MULTIPLIER:

x X1

000000
COTUNTER

41



.* -- _ . . . . . .. .

R, GEOORD MANUAL
PRO C0ZURE ADJ1ZTM4TRE Q O

_7. Calculate and record 498 440.13 OP,
SET POrIT SET PONT pages 3-7

8. Adjust SPAN I for 250 440.13 OP,
desired Digital Function SPAN 1 pages 3-7

. . . . . . . . ..... READOUT ADJUSTMENTS .........

9. Adjust Recorder : 442.2. OP
Input Selector, if Out-ut switch
applicable

CAL
LOAD

x ST1r I
STROKE
PROG I

Inner Switch
x()
__(-)

OFF

V.•
7 1

Outer SwitchA--
CAL

x LOAD
S TRAIN

PROG 1

Inner Switch
x (*)

OFF

10. Adjust Recorder, 17 Recorder
" applicable. Manual in Ref-

r erence Manual

42



CHECK RECORD MANUAL
PROCEDURE ADJMfT14"2T REER-NCE

_1. Adjust oscilloscope X: 442.11 OP
Input Selector, if
applicable Outer Switch

CAL
LOAD

x STRAIN
STROKE
PROG 1
SI-PC

Inner Switch

x()
__(-)

OFF

Outer Switch

CAL
x LOAD

STRAIN
STROKE
PROG I

Tner Switch

P EA K__~ (F4)

x ()

OFF

_12. Adjust Oscilloscope, Oscilloscope manual
if applicable, in Reference manual

o FAIL3AFE ADJUSTMENTS . .........

. Adjust Error Detector -D2__ 4,40.13 O,
pages 8-10

43



CHECK RECORD MANUAL
PROCEDURE ADJUSTI4alT RE ICE

_14, Adjust Error Detector 1 440,13 OP,
for 'Null Detection in page 1]
desired.

.15. Adjust Limit Detectors, XDCR 1 (LOAD) 440.41 OP,
if applicable* page 4

1000
UPPER

NOTE:
This step may be per- x (+)

formed after test has -- C-)
started. See 440.41 OP,
page 5 1000

LOWER

( )

x (-)

x DTERLO CK

INDIGATE

XCR 2 (sTRAIN) 440.4 OP
page 4

~00
UPPER

x _ (+)
_ (-)

500

NTERILOCK
A# --x IDICATE

44
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CHECK RECORD MAIUAL
PRO C MURE ADJISTMT RE=-_ICE

215. (Continued) XDCR 3 (STROKE) 440-41 OP
1000 page 4

UPPER

300
LOWER

INDICATE

-16. If desired,, adjust Under
Peak detection if OSCILLOSCOPE 440.51 OP
applicable. pg ,

Y (Outer) pg

Notes: CAL
a. This step may be per- x LO0AD
formed after test run has STRAIN
started. See 440.51 OP, PRO 1
page 10.

MAX reference control
b. Amplitude M1-easurement x PEAK
feature can not be used if
Under Peak detection is06
used. 065

MAX

x
c. If amplitude measure-__(-
meat is desired proceed to
next heading. 000

MIN
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HECK CORD IMAUUAL

FAIIZAFE

ACTIVE
x OUT

.. . . PRELlMDARY ADJUSTMETS AND HYDRAULIC TURN ON . ...

17. Monitor DC zRROR on 440.13 OP
the Controller meter page 8

13. 'lull the meter using 10.13 OP
the SET POINT control page 3

19 Push REET on the control 413.05 OF
panel if it is lit. page 2

NOTE: If at any time RESET will not
extinguish, look for an ab-
normal condition as described
on the last page of this
Checklist under I CASE OF
SYSTEM SHUTDOWN.

20. Set AUTO RESET switch to OUT. .4O.l4/.14A
OF, page 2

_21. Turn H YDRAULIC PUMP on.

22. Push HYDRAULIC PR:SURE on the 413.05 OF,
control panel (LOW pressure page 6
condition).

If at any time an emergency occurs. push EMERGINCY STOP-HYD, OFF

23. Lower Hydraulic Actuator SET POINT 550
to bottom stop

.ISTALLZIG THE SPECIME4V ............

4,6



CHECK RECORD MAN-UAL
PRO CDL7RE ADJUSTMI21T REFR, CE

24. Select HIGH pressure. Raise
Crosshead to a position grip
two inches from top of
Environmental Chamber.

25. Select LOW pressure. Mount
specimen with the thermo-
couples in rear. Tighten
Locking collar with spanner
wrench. Plug thermocouples
into receptacles.

26. Set TEMERATURE CONTROL to
ON and adjust SETTlIG. Pyro-
meter ON. Check Temperature
readout.

27. Center Locking Collar
into bottom grip.

28. Select HIGH pressure. Lower
Crosshead to yellow marking
On .RAME.

29. Select LOW pressure. Insert
Split Specimen Retainers.

30. Raise Actuator slowly using SET
PODIT control, simultaneously
thread Locking Collar into bottom
grip. Tighten Locking Collar us-
ing spanner wrench. Insure thermo-
couple wire 4q not touching in-
duction coi.

31. Check LOAD is zeroed. Adjust
if necessary.

3,2. Apply tensile load to specimen.
Apply ,HYDRAULIC pre-load. SET PciT ;

_47
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IHCK RECCRD MANUAL
PRCCEDURE ADJUSTMENT . =ETICE

33. Adjust Oscilloscope
Input Selector YI

O!UTE SWITCH

CAL
x LOAD

STRAD
STROKE

PROG 1

34. Select HIGH pressure.
Adjust LOAD to zero SET POINT 498

.......... . oMOUNTJ3IG EITUISOMETE .. . . .. .

35. Rotate Zxtensometer Mount P. 4-3 IAO
into position. Line-up Fixed Ref. Man.
Radiation Shield with mark-
ing on Extension Rod.
Tighten into position.

-36. Separate Zxtension Rod
to one inch.

37. Adjust Oscilloscope
Input Selector Y1

OUTE SWITCH

CAL
LOAD

x S TR AllI
STROKE
PROG 1

" •_38. Adjust STRAZI voltage
to zero.

--9. Switch XDCR 2 Limit Detector
to ElTERI0K.*1 --RT L9O h NT ONLY . . . . . . . . ....

48
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REMCK PZCORD MIUAL
PRO C_ URE ADJUTMQT RE ERMCE

_40. Insure seals and sealant
are tight.

_41. Close Environmental
Chamber door.

4z2. I.ose Manometer input Valve.
Connect Vacuum Pump hose. Open
valve for 7acuum pump. Insert
Vacuum pump plug. 'Wait ten (10)
seconds.

-43. Adjust regulator to 25 PSI. Open
output valve from regulator. Slowly
open MXICMETER EIPUT valve. Flush
system with 40 cubic feet of Helium.

-4. Adjust regulator pressure to
l10 PSI. Adjust chamber pressure.

e . . o * 6 .. . . . 2:UCTION HZAa . . . . . . . . . . . . .

5. Turn water pump ON p. 10 'ycle
Dyne _1A

46. TIER - OFF. 0'CAD SWITCH P. 10 Ccle
JT position. Lfl; IRCUIT Dyne _IUO
3REAK1 ON.

47. Push START button.
Monitor Temperature.

__43. Adjust STRAI voltage
to zero.

-49. Switch to STRAIII 30NROL

START IG =T ,r .....

49
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=-KRECORD MANUAL
?RO: MM2. =D TMQ1T LF1E

-50. '.?o start test, push
PROGRAM4 & RECORD on the
Control Panel. RUN11 will
light and Programmer
will start.

-5. Adjust Controllier GAIN4-
GAIN~

-52. Adjust Amplitude
Measurement ?anel. FAILSAFE

x ACTIVE

OUT

50



APFE.'M I 3

Gas Chromato graph. Calculations

The purpose of this appendix is to briefly describe the operation

and interpretation of output of' the Jendix ChronoLab 2200 Gas

T-hromatograph (GO-).

Switches 1 through 4 should be turned )n two hours 'oefcre intended

use. Switch 5 and the chart recorder should be turned on justv Prior to

operation. Attenuation should be set at 100 'for a sample from the

Environmental Chamber and 1000 for a sample of' pure oxygen (located to

the right side of GOC). The samples are L'jected in port 1,

The following example is based on Figures Al. and A2. A!: unifts are

dimensionless.

T1M

L = Amplitude of peak

wzh)= 'Width at one-half of peak amplitude

Att = Attenuation

7ol = Vlolume

A = Modified area

3AS IC EUATI0II

J. A X) =h X iX Att. +



From Figure 31 tie oxygen standard data is:

h= 51

w(25.5) =7

Att =1000

A (oxygen= 51 x 7 x 1000 -10 = 35700

standard)

From Figure 232 the impure helium sample data is:

h = 29

w(445) = 4

Vol = 20

Att, = 00

A (sample) = 29 x4 100 -20 530

Calculation of' the percent oxygen:

-A samnie) Xl00
2 A (oxygen statndard

35700

=1.60, o..

25
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